Abstract. Authors. 2019. The activity phagocytosis of isoeugenol-ester compound on Mus musculus macrophage cell. Nusantara . Chemotherapy is drugs therapy for cancer. However, chemotherapy could damage normal cells and decrease immune system. For this reason, it is necessary to find immunostimulant compound that is able to increase immune system. Isoeugenolester is unnatural compound that has been tested for its cytotoxicity against cancer cell and showed positive result. Nevertheless, ability of Isoeugenol-ester for inducing phagocytosis is still unknown. Therefore, bioassays study using in vitro phagocytosis were performed. Latex beads methods using antigen model in 5 isoeugenol-ester concentration series: 6, 25; 12, 5; 25; 50 and 100 μg/mL were tested to Mus musculus peritoneal macrophage cell. The optimum concentration of Isoeugenol-ester compounds in inducing phagocytosis activity of M. musculus macrophage cell was 12.5 μg/mL.
INTRODUCTION
Cancer is a disease caused by an abnormal genome that occurs due to damaged genes that regulate cell differentiation, one of the genes is gene that plays a role in regulating system of programmed cell death (apoptosis). Cancer will attack the body's immune system and it will impair immune system (Kleinsmith 2006) . There are 2 kinds of immune system, that is natural (non-specific) and specific immune system (Castro et al. 2008) . In nonspecific immune systems, there are cells that play a role, one of them is macrophages. Macrophages, as an effector in the immune system, contribute to destroy germs/pathogens that will damage the host (Harijanto 2000) .
A good immune system will increase the number and function of Natural Killer cells that have a role as tumor suppressor so the risk of cancer will decrease by recognizing and eliminating abnormal cells or through innate immune system components (Wiharja 2016) . Therefore, research on natural compounds that inducing immune system is needed due to minimize the side effects. Compounds that enhancing immune system are immunostimulant compounds (Baratawidjaja and Rengganis 2009) .
Indonesia is a country with the second largest biodiversity in the world, one of the Indonesian plants used for anticancer drugs is cloves (Eugenia caryophyllata) which contains eugenol compounds that reach 70-96% (Towaha 2012) . phenol is an isomerization of eugenol compounds found in clove and cinnamon oil (Salanti et al. 2010) . Based on the research of Zarlaha et al (2014) isoeugenol has IC50 value of 13.91 μg/mL in HeLa cancer cell, 15.57 μg/mL in FemX cell, 7.57 μg/mL in K562 cell and in SKOV3 cell has value of 23.34 μg/mL. Isoeugenol has better cytotoxicity values than eugenol in HSG Cell Line (human submandibular gland adenocarcinoma) (Fujisawa et al. 2004 ) The addition of isobutyrate to the eugenol compound has higher bioactivity than the addition of butyrate, due to the presence of substituted acyl groups. In the study by Cintyasari et al. (2016) , isoeugenol-ester compound induced on MCF-7 Cell Line has the ability as an anticancer compound with IC50 value of 1.671 μg/mL. In addition, to have activity as an anticancer compound, it is expected that isoeugenol-ester compounds also have the ability as an immunostimulant compound, so it is necessary to do a research about the activity of Isoeugenol-ester compound on the induction of macrophage cell phagocytosis of mouse (Mus musculus) (Cintyasari 2016) .
MATERIALS AND METHODS

Place and time
This research was done at Parasitology Laboratory, Faculty of Medicine, Gadjah Mada University (UGM), Yogyakarta, Indonesia and data processing was done at Laboratory of Zoology and Animal Engineering, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia in September-December 2017.
Materials
The materials used in this study were male Balb/C mice aged 7-8 weeks from Laboratory of Pharmacology, UGM Yogyakarta, Phosphate Buffer Saline (PBS), medium Roswell Park Medium Institute (RPMI), 1% penicillinstreptomycin (Sigma), fungizone 0.5% (Caisson), DMSO (dimethyl sulfoxide), Giemsa dyes, 100% methanol, latex beads, and 2-methoxy-4-(1-propenyl) phenyl butyrate compounds.
Procedures
This research consisted of several stages, including preparation of test solution, macrophage cell isolation of mouse (M. musculus), and phagocytosis test using Latex beads model.
Dilution of test solution
The stock solution compound was prepared in concentration of 1000 ppm, 1 mL of a 2-methoxy-4-(1-propenyl) phenyl butyrate compound added with 1 mL DMSO (Dimethyl sulfoxide). The dilution of the test compound was stratified using RPMI (Roswell Park Medium Institute) culture medium to obtain compounds in various concentration series (6.25, 12.5, 25; 50; 100 μg/mL). Five tubes were prepared, the first tube filled with 3.6mL RPMI (Roswell Park Medium Institute) and the other four tubes filled with 2mL RPMI (Roswell Park Medium Institute). In the first tube was added 400 μL of the compound, then from the first tube was taken 400 μL of solution to be inserted into the second tube and repeated until the 5th tube. The same thing was done on the doxorubicin anti-cancer drug compound.
Isolation and macrophage cell culture
Mice were sacrificed by narcosis using chloroform. Mice placed in supine condition, abdominal skin opened and cleaned peritoneal sheathing with 70% alcohol. Mice were Injected with 10mL RPMI (Roswell Park Medium Institute), cooled down into the peritoneal cavity, awaited for approximately 3 minutes while rolling slowly. Peritoneal fluid was taken by aspiration with a syringe, then the liquid was centrifuged at 5000 rpm for 5 minutes. The supernatant was removed, then the pellets were suspended on a complete RPMI medium (RPMI medium added with FBS (Fetal Bovine Serum) 10%, 0.5% fungizone amphotericin B 0.5% and 2% penicillin/ streptomycin). The number of cells was calculated by hemocytometer, then suspended with RPMI (Roswell Park Medium Institute) until obtained cell density of 2.5 x 106/mL. A total of 200 μL of cell suspension were placed in covered pit coverslips so that each well contains 500,000 cells. Under aseptic conditions, macrophage cells were cultured on a 5% CO2 incubator, 37 0 C for 30 minutes. Incubation was continued up to 24 hours after each well plus RPMI (Roswell Park Medium Institute) complete as much as 800μL.
Phagocytosis test with latex beads
Wells containing macrophage cell cultures were washed with RPMI (Roswell Park Medium Institute) twice. Then added with test solution that has been suspended in complete RPMI. Mixed for 4 hours. Thereafter, the suspension was discarded and at each well added 200 μL of latex beads suspension. The well was incubated for 60 minutes. After 60 minutes, the latex suspension was removed, the well was washed with PBS (Phosphate Buffer Saline) twice, fixed with 100% methanol and dried in aerated way at room temperature. The next stage was coloring with Giemsa 10%. After being washed and dried, the coverslips were taken from the well and viewed under a light microscope at 400 times magnification then calculated the amount of latex that is phagocytosed by active macrophages. The phagocytosis index and phagocytosis capacity of the test solution were calculated by the following equation (Jensch-Junior 2006) :
Phagocytosis index =
Data analysis
Data obtained from phagocytosis index and capacity of macrophages were tested with One Way ANOVA on SPSS software to determine the effect of Isoeugenol-ester on phagocytosis of macrophages with 95% confidence level. The analysis continued using Tukey's advanced test.
RESULTS AND DISCUSSION
Results
Morphology of macrophage cells
The morphological observation of macrophage cells was performed with compound microscope at 400× magnification using Optilab. After addition of Isoeugenolester, it showed some morphological changes the of macrophage cells, on the contrary in the control treatment did not show any morphological changes in macrophage cells. While on the provision of doxorubicin, macrophage cells are damaged in the form of necrosis.
Morphology of macrophage cells after addition of Isoeugenol compounds with various series of concentrations indicated a morphological change of cells. In cells treated by isoeugenol-ester compounds showed greater pseudopods and cytoplasmic elongation. In addition, macrophages were also able to phagocytes Latex beads more (Figure 1.B) . In macrophage cells that did not add the isoeugenol-esters and doxorubicin (control) showed cell size tended to be smaller and fewer cells showed a pseudopodia elongation (Figure 1.A) . This shows the state of the cell that has not been fully activated, so the latex beads in the phagocytes are relatively fewer.
Phagocytosis index
The phagocytic index is derived from the total number of latex that is phagocytosed by macrophages per number of active macrophages (Jensch-Junior 2006 From Table 1 it can be seen that the lowest phagocytosis index of the Isougugol-ester compound was in the compound treatment with a concentration of 100 μg/mL with an index of 1.495. Meanwhile, the largest phagocytic index was obtained when the addition of isoeugenol-ester compound with a concentration of 12.5 μg/mL of 3,707. At an increased concentration of the isoeugenol-ester compound, the resulting phagocytosis index values showed a decrease.
Phagocytic capacity
The phagocytosis index of Mus musculus macrophages with the treatment of isoeugenol-esther compounds are shown in Table 2. From Table 2 it can be seen that the lowest phagocytic capacity of the isoeugenol-ester compound obtained in the treatment of compounds with a concentration of 100 μg/mL with a value of 7.22. Whereas, the greatest phagocytic capacity of mice (M. musculus) peritoneal macrophages was in isoeugenol-ester concentration of 6.25 μg/mL which amounted to 34,599. But when the concentration of Isougugol-ester compounds was increased, the resulting phagocytic capacity of macrophages decreased. The average value of doxorubicin phagocytosis capacity was lower compared to isoeugenolesters. The highest phagocytosis capacity was obtained by the addition of doxorubicin 25 μg/mL by 17.71 while the lowest phagocytosis capacity was obtained when doxorubicin concentration was 100 μg/mL at 0.94. The addition of doxorubicin compounds started from a concentration of 6.25 μg/mL continued to increase in capacity values to a concentration of 25 μg/mL. Then the value of phagocytic capacity decreased from the addition of doxorubicin 50 μg/mL and 100 μg/mL. Furthermore, data analysis was performed by One Way ANOVA statistical test using the SPSS program with a confidence level of 0.5. One Way ANOVA statistical test capacity of the isoeugenol-ester compound showed a significance value of 0.001. This indicated that administration of isoeugenol-ester compounds has a significant influence on the capacity of macrophage phagocytosis. From the results of the Tukey test, the phagocytosis capacity of macrophages with the treatment of isoeugenol-ester compounds was divided into 2 groups of results. The first group was phagocytic capacity at concentrations of 0 μg/mL, 12.5 μg/mL, 25 μg/mL, 50 μg/mL, and 100 μg/mL, while the second group was the capacity at a concentration of 6.25 μg/mL. From these results, it can be seen that the most significant results are phagocytic capacity at the concentration of isoeugenolester 6.25 μg/mL.
The results of the One Way ANOVA statistical test on the capacity of doxorubicin compounds showed a significance value of 0.000. This suggests that the administration of doxorubicin compounds has a significant effect on the phagocytic capacity of macrophages. From the Tukey test results, phagocytosis capacity of doxorubicin compounds is divided into 2 groups. The first group was a group of compounds with concentrations of 0 μg/mL, 50 μg/mL, and 100 μg/mL, while the second group was phagocytosis capacity of 0 μg/mL, 12.5 μg/mL, and 25 μg/mL. The lowest phagocytic capacity of doxorubicin compounds at a concentration of 25 μg/mL (Table 2) .
Phagocytosis efficiency ratio
Phagocytosis efficiency is the value that shows the ratio between phagocytosis index and percent phagocytosis. From the value of phagocytosis, efficiency can be seen the comparison between the capacity and phagocytosis index in each treatment concentration of compounds, so that it can be determined which concentration is more efficient. From Table 3 , it can be seen that the most efficient phagocytosis ratio was found in the compound concentration of 12.5 μg/mL with a ratio of 0.224. It can be interpreted that with the addition of compounds with a concentration of 12.5 μg/mL the number of active macrophage populations is proportional to the ability of individual macrophages in phagocytosis of latex beads, or it can be said that the ratio between capacity and phagocytosis index is balanced. In the treatment using doxorubicin, the most efficient phagocytosis ratio was obtained at a concentration of 0 μg/mL with a ratio of 0.156 (Table 4) .
From Table 4 , it can be interpreted that without the addition of doxorubicin compounds, the number of active macrophage populations is proportional to the ability of individual macrophages in phagocytosis of latex beads, or it can be said that the comparative ratio of capacity and phagocytosis index is balanced.
Discussion
The elongation of pseudopodia is a form of morphological change that occurs due to macrophage activation by pathogenic microorganisms or other antigens (Mustafiah et al. 2011 ). The antigen used in this study was latex beads. Meanwhile, in macrophage cells treated with the addition of doxorubicin cancer drug showed a change in cell morphology that indicated the presence of necrosis. Giving doxorubicin can cause cell necrosis and cell DNA damage (Shin et al. 2012) In the treatment with the doxorubicin compound, the phagocytic index showed a lower number when compared with the addition of the isoeugenol-ester compound. The highest phagocytosis index of doxorubicin compound was obtained in the control treatment with a concentration of 0 μg/mL. The phagocytosis index in the treatment with doxorubicin compounds exhibits diverse values. In normal norms before being added with doxorubicin compound, the index value of phagocytosis was 2,629. But when treated with doxorubicin, not all concentrations were able to induce macrophage activity. The most efficient concentration was obtained in the treatment of doxorubicin compound with a concentration of 12.5 μg/mL. While at other concentrations, the level of activation of M. musculus macrophage cells is still low. Then performed statistical test One Way ANOVA using SPSS program with level of trust 0.05. The results of statistical tests show a significance value of 0.042. So the treatment using isoeugenol-ester compound showed a significant effect on the increase of macrophage phagocytosis index (P <0.05). Then the test continued using Tukey test. From the Tukey test result, macrophage phagocytosis index with isoeugenol-ester compound treatment was divided into 3 groups of results. The first group was phagocytic capacity at concentrations of 0 μg/mL, 6.25 μg/mL, 25 μg/mL, and 50 μg/mL. The second group is the index at a concentration of 12.5 μg/mL, and group 3, which is in the phagocytosis index concentration of 100 μg/mL. From these data, it can be seen that the most significant results are phagocytic capacity at 12.5 μg/mL and 100 μg/mL of isoeugenol-ester. (Table 1 ).
In the treatment with the doxorubicin compound, One Way ANOVA statistical test results show a significance value of 0.000. This indicates a significant influence on the treatment with doxorubicin compounds. Then proceed with Tukey test. From the results of the Tukey test, the phagocytosis index of the doxorubicin compound is divided into 2 groups. The first group is a group of compounds with a concentration of 0 μg/mL, while the second group is concentration 6.25 μg/mL, 12.5 μg/mL, 25 μg/mL, 50 μg/mL, and 100 μg/mL. From these results, it can be seen that the most significantly different phagocytosis index of doxorubicin compounds was obtained at concentrations of 0 μg/mL (control). The increase in phagocytosis index in the administration of compounds with a concentration of 12.5 μg/mL can provide an illustration of the effect of the Isougeno-ester compound on the immune response. It is suspected that the compound isoeugenol-ester acts as an immunostimulant so as to increase metabolism in macrophage cells. Increased metabolism in the cells will increase the enzymes that play a role in the mechanism of phagocytosis so that the ability of phagocytosis will increase (Nopitasari et al. 2006) .
At the concentration of 12.5 μg/mL, isoeugenol-ester compounds are thought to be able to activate macrophage cells to phagocytocyte latex beads, but activation has not reached the maximum stage or in other words, the isoeugenol-ester compound is capable of activating cells but only a small number of macrophage cells. In addition to having immunostimulant effects, phenolic compounds also have immunosuppressant effects, one example is the compound flavonoid group. The presence of cytotoxic and immunosuppressant effects allows for inhibition of macrophage phagocytosis activity at certain dosage limits (Makiyah et al. 2016) .
Isoeugenol-ester compounds can affect macrophage activity by increasing the production of Nitric Oxide (NO), and increase the secretion of pro-inflammatory cytokines such as Interleukin (IL)-12, Interleukin (IL)-6 at low doses (0.001-100 μg/mL), and decrease the production of TNFα. But at high doses between 100-1000 μg/mL the compound will have high cytotoxicity. In addition, isoeugenol-ester compounds can act as a Free Radical Scavenger. Although without stimulation from Lipopolysaccharide (LPS) from bacteria and apoptotic bodies, the Isougugol-ester compound is able to stimulate macrophage cells at low concentrations, but when the concentration continues to be added, the stimulus effect of the compound will not only disappear, but cell growth will also be inhibited (Dibazar et al. 2015) . Isoeugenol-ester compounds are also able to improve phagocytic function of macrophage cells by increasing the production of Reactive Oxygen Species (Kamadatu et al. 2015) . ROS functions to destroy DNA antigens at the degradation stage. Latex beads given as antigens will be recognized by macrophages through receptors located on the surface of macrophage receptors, one of which is MARCO (Macrophage Receptor with Collagenous Structure). MARCO is a group of macrophage receptor Scavenger that is able to recognize unopsonized particle and latex beads (Kanno et al. 2006) . After the introduction of the particles by the MARCO receptor, latex beads will make the plasma membrane indentation for the ingestion stage and be followed by phagolysosome formation (Cervantez et al. 2014) .
Isoeugenol-ester compounds induce phagocytic activity of macrophage cells Mice (M. musculus) were most efficiently obtained at a concentration of 12.5 μg/mL with an efficiency ratio of 0.156. While doxorubicin compounds are not able to induce phagocytosis of macrophage cells.
The conclusion of this study is that the fungi identified were isoeugenol-ester compounds induced phagocytic activity of macrophage cells. The most efficient mice (M. musculus) was obtained at a concentration of 12.5 μg/mL with an efficiency ratio of 0.156. While doxorubicin compounds were not able to induced phagocytosis of macrophage cells.
